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© A plurality of doped areas (12, 13, 14) are 
formed on a surface of a semiconductor wafer. A 
titanium nitride layer (17) is used for covering the 
plurality of doped areas (12, 13, 14) and for provid- 
ing electrical connection between the doped areas 



(12, 13, 14). The titanium nitride layer (17) substan- 
tially prevents dopants from diffusing into the 
titanium nitride (17) and subsequently counterdoping 
the doped areas (12, 13, 14) during subsequent high 
temperature processing operations. 
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Background of the Invention 

The present invention relates, in general, to 
semiconductor structures, and more particularly, to 
semiconductor structures utilizing titanium nitride 
as a dopant diffusion barrier. 

Previously, the semiconductor industry has 
employed wafer bonding techniques to attach an 
active semiconductor wafer to a handle wafer. The 
handle wafer generally is used to support the ac- 
tive wafer during subsequent processing and as- 
sembly operations. A problem arises when the ac- 
tive wafer has doped semiconductor regions that 
are electrically connected by metal areas. At the 
high temperatures utilized to perform wafer bond- 
ing, previous conductor materials, such as tung- 
sten-silicide, provide a migration path that allows 
dopants to diffuse from one doped semiconductor 
area to another. This diffusion path permits P-type 
dopants to counter dope N-type areas, and N-type 
dopants to counter dope P-type areas thereby de- 
grading or destroying the semiconductor device's 
operation. The diffusion occurs both laterally and 
transversely through the conductor. The lateral dif- 
fusion occurs near the surface that forms an inter- 
face between the conductor and the doped regions. 
Such lateral diffusion through the conductor near 
the metal-semiconductor interface destroys ohmic 
contact between the conductor and the doped 
areas by counter doping a portion of the doped 
area that is in contact with the conductor. The 
transverse diffusion is perpendicular to the conduc- 
tor's surfaces and can degrade a semiconductor 
device's performance by transporting dopants from 
desired positions. 

Accordingly, it is desirable to have a conductor 
that functions as a dopant diffusion barrier at high 
temperatures, that maintains ohmic contact during 
high temperature operations, and that facilitates 
bonding a handle wafer to an active semiconductor 
wafer. 

Summary of the Invention 

Briefly stated, the present invention includes 
forming a plurality of doped areas on a surface of a 
semiconductor wafer. A titanium nitride layer is 
used for covering the plurality of doped areas and 
for providing electrical connection between the 
doped areas. The titanium nitride layer forms a 
diffusion barrier that substantially prevents dopants 
from diffusing laterally through the titanium nitride 
and subsequently counterdoping the plurality of 
doped areas. 



Brief Description of the Drawings 

FIG. 1 illustrates an enlarged cross-sectional 
portion of bonded semiconductor wafers in ac- 
5 cordance with the present invention; 

FIG. 2 illustrates an alternate embodiment of the 
bonded wafers of FIG. 1 in accordance with the 
present invention; and 

FIG. 3 illustrates an enlarged cross-sectional 
10 portion of a transistor in accordance with the 
present invention. 

Detailed Description of the Drawings 

15 FIG. 1 illustrates an enlarged cross-sectional 

portion of a semiconductor wafer 10 that includes 
an active semiconductor wafer 11 and another 
semiconductor wafer that functions as a handle 
wafer 21. Wafer 21 generally assists in supporting 

20 wafer 11 during subsequent processing operations. 
Prior to the bonding operation, a plurality of doped 
areas 12, 13, and 14 are formed on a first surface 
of wafer 11. Areas 12, 13, and 14 can have dif- 
ferent conductivity types, can have different doping 

25 concentrations of the same conductivity type, or 
combinations of both. For example, area 12 could 
be N-type, area 13 heavily doped P-type, and area 
14 heavily doped N-type; or adjacent areas could 
alternate between N-type and P-type. Additionally, 

30 areas 12, 13, and 14 may be spaced apart from 
each other. Areas 12, 13, and 14 are electrically 
connected by applying a titanium nitride layer 17 
that covers areas 12, 13, and 14. Layer 17 can be 
applied by reactive ion sputtering, plasma en- 

35 hanced chemical vapor deposition, or other similar 
methods that are well known to those skilled in the 
semiconductor process art. The thickness of layer 

1 7 generally is determined by the equivalent series 
resistance that is desired for layer 17. In the pre- 

40 ferred embodiment, layer 17 is between approxi- 
mately 50 and 500 nano-meters thick. 

Depending on the temperature and atmosphere 
in which the subsequent wafer bonding operation is 
performed, portions of titanium nitride layer 17 may 

45 be converted to titanium oxide (TiCfe). Since 
titanium oxide is an insulator, the titanium oxide 
would destroy electrical connection between areas 
12, 13, and 14. In order to prevent oxidation of 
titanium nitride layer 17, layer 17 is optionally cov- 

50 ered with a protective layer 1 8. The materials used 
for layer 18 should withstand wafer bonding tem- 
peratures, and prevent oxygen from reaching layer 
17. Suitable materials include, but are not limited 
to, polysilicon, silicon dioxide, tungsten silicide, and 

55 silicon nitride. In the preferred embodiment, layer 

18 is polysilicon in order to provide adhesion be- 
tween lay r 18 and wafer 21. If the wafer bonding 
operation is conducted in a non-oxidizing atmo- 
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sphere, layer 18 may not be required. In some 
cases, layer 18 is covered with a refractory metal 
silicide layer 19, such as tungsten silicide, that 
enhances adhesion of wafer 21. Layer 19 may be 
applied to either wafer 21 or to layer 18. 

Wafer bonding wafer 11 to wafer 21 is accom- 
plished by placing a surface of layer 17 in contact 
with wafer 21, or optionally layer 18 in contact with 
either layer 19 or wafer 21, and heating wafers 11 
and 21 to a temperature between approximately 
1,050 and 1,250 degrees Celsius (°C). It has been 
found that performing the bonding in a steam at- 
mosphere can enhance adhesion at the periphery 
of wafers 11 and 21. The high temperatures used 
for wafer bonding also anneal layer 17 thereby 
lowering the sheet resistance to a value of less 
than approximately 50 micro ohm-cm. In the pre- 
ferred embodiment, layer 17 has a sheet resistance 
not greater than approximately 35 micro ohm-cm. 
In addition, the annealing lowers the contact resis- 
tance between layer 17 and areas 12, 13, and 14 
thereby forming ohmic contact between layer 17 
and areas 12, 13, and 14. 

During the wafer bonding operation, layer 17 
functions as a diffusion barrier that prevents dop- 
ants within any one of areas 12, 13, and 14 from 
diffusing through layer 17 and counterdoping an- 
other one of areas 12, 13, and 14. That is, since 
dopants can not diffuse into layer 17, dopants are 
prevented from diffusing transversely through layer 
17 from one doped area to another. For example, 
the diffusion barrier properties of layer 17 prevent 
P-type dopants from area 12 from diffusing laterally 
through layer 17 and into areas 13 and 14. There- 
fore, layer 17 prevents dopant diffusion from de- 
stroying the ohmic contact that is formed between 
layer 17 and areas 12, 13, and 14. 

Once wafers 11 and 21 are bonded, active 
devices are formed in wafer 11. For example, a 
plurality of doped areas 16 may be formed on a 
second surface of active wafer 11. Such doped 
areas provide semiconductor devices and struc- 
tures such as enhanced insulated gate bipolar tran- 
sistors (EIGBTs), triacs, bilateral shorted emitter 
switches, or other structures utilizing a buried con- 
ductor layer. 

Referring to FIG. 2, the conductive diffusion 
barrier formed by titanium nitride layer 17 of FIG. 1 
can be utilized to provide a variety of semiconduc- 
tor structures including a dielectric isolated wafer 
20. In order to form wafer 20, semiconductor wafer 
11 is formed to include a titanium nitride layer 17 
that covers areas 12, 13, and 14 as described in 
FIG. 1. A silicon dioxide layer 22 is applied to layer 
17 as a protective layer that prevents oxidizing 
layer 17 during subsequent wafer bonding oper- 
ations, and also as a dielectric layer that facilitates 
the formation of dielectric isolated circuits. Subse- 



quently, handle wafer 21 is bonded to layer 22 by 
the methods described in FIG. 1. 

After the bonding is complete, wafer 11 is 
thinned by well known methods such as grinding 

5 and chemical-mechanical polishing. Subsequently, 
conductive sinkers 23 are formed in active wafer 1 1 
to provide electrical connection between layer 17 
and other structures of wafer 20. Sinkers 23 typi- 
cally are heavily doped regions within wafer 1 1 that 

w provide a low resistance conduction path. In order 
to provide lateral isolation, dielectric trenches 24 
are formed to extend from the surface of wafer 20 
at least into dielectric layer 22. Typically, a dielec- 
tric liner 26 is formed along the sidewalls of trench- 

15 es 24, and then trenches 24 are filled with a solid 
plug 27. In the preferred embodiment, liner 26 is 
silicon dioxide and plug 27 is polysilicon. Also in 
the preferred embodiment, trenches 24 form a ring 
that surrounds sinkers 23 and areas 12, 13, and 14. 

20 Active device elements, such as doped areas 16, 
are then formed in wafer 1 1 . Such active devices, 
illustrated by doped areas 16, are dielectrically 
isolated from other devices or structures on wafer 
20. 

25 The dielectric configuration illustrated is exem- 

plary of dielectrically isolated structures wherein 
fabrication is facilitated by a conductive diffusion 
barrier such as layer 17. Other configurations em- 
ploying such a layer 17 are also within the scope 

30 provided by the example of FIG. 2. Thus, wafer 20 
is useful in providing a variety of dielectric isolated 
devices and structures including EIGBTs, triacs, 
and bidirectional switches with shorted emitters. 
FIG. 3 illustrates a portion of a complementary 

35 metal oxide semiconductor (CMOS) wafer 30 that 
utilizes titanium nitride layer 17 of FIG. 1 as an 
electrically conductive diffusion barrier. Wafer 30 
includes a substrate 31 and a dielectric layer 34, 
often referred to as the field, that covers a portion 

40 of wafer 31. In order to provide high performance 
CMOS circuits, the gate electrodes of N-channel 
transistors generally are formed as a polysilicon 
layer 32 that is doped N-type. Similarly, the gate 
electrodes of P-channel transistors are formed as a 

45 P-type polysilicon layer 33. Often, it is necessary 
to electrically connect the P-channel gate electrode 
to the N-channel gate electrode. This is done over 
layer 34, and typically is accomplished by abutting 
a portion of layers 32 and 33 and applying a 

50 conductor to the abutted area in order to provide a 
low resistance conduction path between the gate 
electrodes. Alternately, layers 32 and 33 may be 
brought close together and the conductor used to 
bridge the gap between layers 32 and 33. During 

55 subsequent high temperatur processing oper- 
ations, previous materials used to form the conduc- 
tor, such as tungsten silicide (WSi2>, permitted 
dopants to diffuse from layer 32, through the tung- 
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sten silicide, and into the layer 33, and vice versa 
thereby counterdoping the poly silicon, increasing 
the resistance between layers 32 and 33, and alter- 
ing the transistor's performance. It has been found 
that using a titanium nitride conductor prevents the 
lateral dopant diffusions, and improves the CMOS 
circuit's performance. Therefore, portions of poly- 
silicon layers 32 and 33 are covered with a titanium 
nitride layer 36 which forms an ohmic contact to 
layers 32 and 33, and maintains the ohmic contact 
through subsequent high temperature, greater than 
900 °C, operations. During subsequent high tem- 
perature processing operations, layer 36 forms a 
diffusion barrier that prevents dopants within poly- 
silicon layer 32 from affecting the doping con- 
centration and doping type of polysilicon layer 33 
and vice versa. Thus, layer 36 assists in providing 
a high performance CMOS circuit. 

The dopant diffusion barrier formed by layer 36 
is also useful in a variety of other CMOS device 
structures including a doped polysilicon to silicon 
contact. In such a contact, layer 33 is not applied, 
an opening is formed through layer 34 and is 
positioned under layer 36 so that a portion of layer 
36 fills the opening and contacts substrate 31. 
Thus, a portion of layer 36 forms a polysilicon to 
silicon contact that prevents dopants from diffusing 
through layer 36 and counterdoping either layer 32 
or substrate 31. 

By now it should be appreciated that there has 
been provided a novel way to prevent dopant trans- 
port during high temperature processing oper- 
ations. Utilizing titanium nitride as a conductor for 
interconnecting doped areas prevents dopant trans- 
port laterally through the conductor and into the 
doped areas. In addition, the titanium nitride also 
prevents dopant transport transversely through the 
conductor. Use of titanium nitride as a conductive 
diffusion barrier facilitates the formation of high 
performance CMOS circuits, dielectric isolated cir- 
cuits, enhanced insulated gate bipolar transistors 
(EIGBTs), and a variety of other semiconductor 
structures. 

Claims 

1. A conductive diffusion barrier comprising: 

a semiconductor wafer (11, 31) having a 
plurality of doped areas (12, 13, 14, 32, 33); 
and 

a titanium nitride (17, 36) conductor in 
ohmic contact with the plurality of doped areas 
(12, 13, 14, 32, 33) wherein the titanium nitride 
conductor (17, 36) substantially prevents dop- 
ants from diffusing laterally through the 
titanium nitride conductor (17, 36) and into the 
plurality of doped areas. 



2. The conductive diffusion barrier of claim 1 
wherein the titanium nitride conductor (17, 36) 
has a resistivity of less than approximately fifty 
micro ohm-centimeter. 

5 

3. The conductive diffusion barrier of claim 1 
wherein the plurality of doped areas (32, 33) 
includes a P-type polysilicon area (33) and an 
N-type polysilicon area (32). 

70 

4. The conductive diffusion barrier of claim 3 
wherein the P-type polysilicon area (33) and 
the N-type polysilicon area (32) are on a di- 
electric (34). 

75 

5. The conductive diffusion barrier of claim 1 
further including a protective layer (18) cover- 
ing the titanium nitride conductor (17). 

20 6. The conductive diffusion barrier of claim 5 
wherein the protective layer (18) includes a 
layer of polysilicon (18). 

7. The conductive diffusion barrier of claim 5 
25 further including a handle wafer (21) bonded to 

the protective layer (18) by wafer bonding. 

8. The conductive diffusion barrier of claim 7 
wherein the handle wafer (21) bonded to the 

30 protective layer (18) includes a refractory metal 

silicide (19) on a surface of the handle wafer 
(21) wherein the refractory metal silicide (19) is 
bonded to the protective layer (18). 

35 9. The conductive diffusion barrier of claim 8 
wherein the refractory metal silicide (19) in- 
cludes tungsten silicide (19). 

10. The conductive diffusion barrier of claim 1 or 5 
40 wherein the plurality of doped areas (12, 13, 

14) includes a P-type area adjacent to an re- 
type area, and a heavily doped area adjacent 
to a lightly doped area. 

45 
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© A plurality of doped areas (12, 13, 14) are 
formed on a surface of a semiconductor wafer. A 
titanium nitride layer (17) is used for covering the 
plurality of doped areas (12, 13, 14) and for provid- 
ing electrical connection between the doped areas 



(12, 13, 14). The titanium nitride layer (17) substan- 
tially prevents dopants from diffusing into the 
titanium nitride (17) and subsequently counterdoping 
the doped areas (12, 13, 14) during subsequent high 
temperature processing operations. 
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